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Abstract 
Craniosynostosis (CS) refers to the premature fusion in the perinatal stage of one or multiple skull 
sutures, also denominated synostoses (sagittal, metopic, uni and bilateral coronal, and lamboidal), 
which are commonly accompanied by facial, trunk, and limb deformities. During normal human 
body and head development, cranial growth achieves approximately 80% of the adult size at birth 
and its definitive size between 2.5 and 3 years of age. In the fetal or newborn skull, the flat bones 
are  separated  by four fontanelles  and  six  major cranial  sutures  that  participate  in  this  process.  
Hereby  presented  the  literature review of syndromic and non-syndromic craniosynostosis. 
 





Craniosynostosis is defined as the premature fusion of one or more cranial sutures. 
According to Virchow‟s concept, fusion of a cranial vault suture restricts growth perpendicular 
to  it but “extra”  growth parallel to  produce an often  typical skull deformity. More recent 
theories invoke the action of a “functional matrix” that comprises not only bone, but also the 
adjacent dura and other soft tissues.1 
The incidence of CS has been estimated at 1 per 2,000-2,500 live newborns, thus 
comprising   the   second   most   common   craniofacial   disorder   after   orofacial   clefts.2 
Craniosynostosis occurs in 1 in 2100 to 1 in 2500 births and may be either nonsyndromic (also 
referred to as isolated) or syndromic. In syndromic craniosynostosis, other birth defects are 
present next to the craniosynostosis. In syndromic craniosynostosis, usually more than 1 cranial 
sutures have prematurely fused, typically involving both coronal sutures.3 
 
Figure 1. Major and secondary skull sutures and age at the onset of fusion1 
 




Craniosynostosis  is  a  congenital  cranial  malformation  in  which  1  or  more  cranial 
sutures have fused already in utero. The cranial sutures separate the skull bone plates and enable 
rapid growth of the skull in the first 2 years of life, in which growth is largely dictated by 





Figure 2. Craniosynostosis. From left to right: normal calvarial sutures, sagittal suture 
synostosis leading to a scaphocephalic head shape, metopic suture synostosis leading to 
trigonocephaly, left coronal suture synostosis leading to left-sided plagiocephaly, 
bicoronal suture synostosis leading to a brachycephalic head shape, and right lambdoid 
suture synostosis leading to right-sided occipital plagiocephaly.2.9 
 
 
Figure 3. More in detail the different craniosynostoses of Physical Examination of 
Skull and Face4 





Secondly, on the basis of etiology, craniosynostoses are divided into either primary or 
secondary subtypes. Primary craniosynostosis, the most common type, occurs in isolation. This 
is contrasted with secondary craniosynostosis where suture fusion is associated with another 
disorder such as thalassemia, hyperthyroidism, hematologic and metabolic disorders. Finally, 









Figure 5. Flow diagram for molecular genetic diagnosis of craniosynostosis, showing the 
minimum tests recommended for each clinical presentation. In practice, the Oxford laboratory 
bundles sequencing of the FGFR1, FGFR2 (exons IIIa and IIIc), FGFR3 and TWIST1 genes 
together into a single „level 1‟ screen to simplify the workflow.20 




2.          Non-Syndromic Craniosynostosis 
 
 
2.1        Incidence 
 
 
Approximately 80% of  the cases belong to the NSCS group. CS occurs more 
commonly overall in boys than in girls.2  Nonsyndromic craniosynostosis is more commonly 
encountered than syndromic cases in pediatric craniofacial surgery.5 
 
2.2        Classification 
 
 
In nonsyndromic or isolated craniosynostosis, there are no other evident abnormalities 
other than those associated with early sutural fusion, such as neurological or ophthalmologic 
manifestations and there are different types on the basis of the fused suture, as scaphocephaly, 
brachycephaly, trigonocephaly and plagiocephaly.6 
 
 
















Trigonocephaly  is  associated  with  metopic  synostosis  and  arrowing of  the  anterior 
calvaria. There is usually a prominent mid-frontal ridge (pointed forehead) down the forehead 




Figure 8. Trigonocephaly.6 
 
 
Plagiocephaly results from unilateral coronal synostosis, with a recessed forehead and 




Figure 9. Posterior deformational plagiocephaly.6 











Figure 10. Cranial sutures and deformity of single suture craniosynostosis. With 
permission from Senarath-Yapa. 
 
Sagittal synostosis is the most common formof craniosynostosis and comprises 45% of 
nonsyndromic cases. Sagittal suture fusion  results in a boat-shaped deformity of the skull, 
termed scaphocephaly, with growth restriction in width and compensatory excessive growth in 
calvarial length in the anterior to posterior direction.5 








Figure 11. Three-dimensional computed tomography reconstructions of 
sagittal synostosis. (A) Lateral view demonstrating scaphocephaly and 
saddle deformity of the skull. (B) Vertex view (forehead is oriented 
downward) demonstrating a partially fused sagittal suture. Classic parietal 
and occipital narrowing is apparent.5 
 
 
Unicoronal synostosis is involved in ~25% of nonsyndromic cases.6 It is characterized 
by anterior plagiocephaly, with ipsilateral flattening of the forehead on the affected side and 





Figure 12. Three-dimensional computed tomography reconstructions of unicoronal synostosis 
(A) Top-down view demonstrating the unilateral forehead retrusion and anterior displacement 
of the zygoma on the affected side. (B) Anterior view demonstrating the periorbital deformities 
and maxillary rotation “facial twist,” with nasal tip deviation to the contralateral side.5






Figure 13. Three-dimensional computed tomography reconstructions of bicoronal 
synostosis. (A) Oblique top-down view to include the face. This demonstrates the 
bilateral forehead retrusion. (B) Lateral view demonstrating the typical appearance 
of the turribrachycephaly phenotype.5 
 
Metopic synostosis also occurs in ~25% of nonsyndromic cases according to recent 
epidemiologic studies.6 Resultant trigonocephaly is characterized by a triangular-shaped 
forehead with bifrontal and bitemporal narrowing and parietal and occipital prominence. This 





Figure 14. Three-dimensional computed tomography reconstructions of 
metopic synostosis. (A) Top-down view demonstrating trigonocephaly of 
the forehead. (B) Anterior view demonstrating the bitemporal narrowing 
and medialization of the superior medial orbits.5 








Figure 15. Unilateral lambdoid synostosis. (A) Clinical photograph of the posterior 
view. This shows the inferior displacement of the ear on the affected side as well as 
the oblique towering appearance of the skull on posterior view. (B) Three-
dimensional computed tomography reconstruction (posterior view) demonstrating a 
partially fused left lambdoid suture. The classic mastoid bulge and tilt of the skull 
base is apparent.5 
 
The rarest type of nonsyndromic craniosynostosis, unilateral lambdoidal synostosis, is 
characterized by occipital dysmorphism. The resultant phenotype has hallmark findings of an 
ipsilateral mastoid bulge, thickened ridging of the affected lambdoid suture, and tilt of the 
occipital skull base with the affected side shifted downward.5 
 
2.3        Pathogenesis 
 
The  pathogenesis  of  CS is  unclear,  complex,  and  perhaps  multifactorial,  including 
intrinsic bone abnormalities, genetic mutations, and environmental (mechanical or biochemical) 
issues. CS has been associated with metabolic conditions (hypophosphatemia, rickets), and with 
other risk factors as follows: fetal constraint (nulliparity, plurality, macrosomia); low birth 
weight; hyperthyroidism; maternal smoking; pre-term delivery; exposure to teratogens; maternal 
consumption of valproate acid; shunted hydrocephalus, and excessive ingestion of antiacids. A 
single genetic anomaly has not been identified as a causal factor for the condition.2 
 
2.4        Clinical Features 
 
Clinical findings, natural history, and  management of  synostotic  and  deformational 
plagiocephaly are different, and accurate diagnosis is therefore essential. In synostotic 
plagiocephaly, unilateral coronal synostosis results in more severe cranial distortion than 
unilateral lambdoid synostosis.6 





Figure.16. Important characteristics to subsidize the differential diagnosis of 




Figure 17. Positional Plagiocephaly. Adapted from International Society of Paediatric 
Neurosurgery (ISPN) website.17 
 
 
The major functional problems associated with nonsyndromic craniosynostosis are 
intracranial hypertension, visual impairment, limitation of brain growth and neuropsychiatric 
disorders. The severity of functional disorder increases with the number of fused sutures. 
Headache is the classic symptom associated with increased intracranial pressure of any cause; 
however, children with craniosynostosis and increased intracranial pressure seem to experience 
headache inconsistently. Headache is most common in patients with multiple sutural synostosis 
and less frequent in patients with single sutural synostosis.6 








Figure 18. A, A 2-month-old boy with suspected sagittal synostosis. CUS showed 
obliteration of the normal hypoechogenic gap between the parietal bones, 
representing an abnormally closed sagittal suture (arrow). B, Frontal cranial 
radiograph in the same patient confi rms a closed sagittal suture with some 
sclerosis along the suture (arrow). C, Three-dimensional reconstruction of cranial 
CT confirmed abnormal closure of the sagittal suture (arrow).8 
 
Computed tomography (CT) is the standard method for investigating potential 
craniosynostosis, and it has been proposed that 3D CT imaging is essential for the diagnosis of 
craniosynostosis. CT scans permit excellent highdefinition images of the underlying bony 
architecture, and this provides invaluable guidance as a diagnostic tool for recognizing the type 





Figure 19. Computed tomography-scan of a 5-month-old child with 
Trigonocephaly.6





2.5        Treatment 
 
 
If left untreated, NSCS can result in aggravated craniofacial deformities, which may 
lead to psychosocial issues as the child interacts with peers during development, due to visible 
facial differences or language/visual/behavior impairments. Affected children may have an 
increased  risk  for  psychosocial  and  cognitive  difficulties,  and  consequently,  a  diminished 




Figure 20. Surgical interventions for the different types of craniosynostosis.2 
 
 
There  are  many  techniques  and  modifications  that  have  been  described  and/or 
presented. The techniques advocated are dependent on surgeon preference and experience alone, 
without comparative trials or agreed-upon aesthetic outcomes.5 
 
a)   Sagittal 
 
 
Surgical approaches for correction of scaphocephaly in sagittal synostosis range 
fromsynostectomy (either endoscopic or open), a Pi procedure that involves more extensive 
strip craniectomy for anteroposterior shortening, to near-total cranial vault reconstruction for 
children. 
 





Figure 21. Intraoperative photographs of the describedmodified Pi procedure. (A) 
Posterior and vertex view with the patient in prone position. The occiput is flattened 
with bilateral medially based occipital wedge osteotomies. The occipital contour can 
be held into place with resorbable plates and screws as shown or allowed to float 
without fixation. (B) Lateral view with the patient in prone position. This shows the 
lateral barrel stave osteotomies down to the level of the squamosal sutures. The 
coronal suture is centered on the anteriormost barrel stave. The lambdoid suture is 





The correction of unicoronal and bicoronal synostosis requires a frontal reconstruction 
that addresses the superior and lateral periorbital skeleton as well as the forehead, classically 





Figure 22. Reshapened frontal bandeau (ex situ) in reconstruction of unicoronal 
synostosis. (A) Top-down view. This shows the asymmetric design of the orbital 
bandeau to include a longer temporal segment on the affected side. (B) Anterior view. 
This shows the asymmetric design of the lateral orbital cuts. The osteotomy on the 
affected side is performed to include the entire lateral orbital rim down to the body of the 
zygoma, similar to  a  C-shaped  osteotomy  of  the  zygoma.  Onlay  bone  grafts  can  be  
considered  for additional brow projection on the affected side. However, the long-
term viability  and resorption of these grafts are unknown.5 
 
This area is recontoured to decrease the width of the bandeau in this location, as it is 
widened by the advancement at the glabella. The lateral temporal wing is contoured by a closing 
wedge osteotomy and plate and screwstabilization.5 








Figure 23. Lateral view of the frontal bandeau and frontal bone placed back in situ. The frontal 
bandeau is advanced and twisted, which rotates the temporal wing of the bandeaus superiorly. 
This maneuver produces enhanced brow prominence. The bifrontal bone is contoured to the 
reconstructed bandeau configuration and replaced as a single unit.5 
 
These techniques are modified for treatment of bicoronal synostosis. The lateral orbital 
rims and C-shaped osteotomies are performed on both sides, as both lateral orbital rims need to 





Figure 24. Reconstructed in situ appearance of the frontal bandeau. (A) Top-down view 
demonstrating the significant improvement in intracranial volume after appropriate 
advancement and twist of the frontal bandeau with fixation to the nasofrontal region and 
zygoma bilaterally. (B) Lateral view of the frontal bandeau showing the desired position 
ofthe temporal wings of the bandeau after the advancement and twist maneuver.5 







Metopic craniosynostosis must be distinguished from a benign, normally fused metopic 
ridge.  The  metopic  suture  fuses  after  birth  in  most  patients  before  1  year  of  age,  with 





Figure 25. Forehead contour of metopic synostosis versus benign metopic ridge.              
(A) Typical view of forehead contour in a patient with metopic synostosis. The classic 
features of trigonocephaly are apparent. (B) Typical view of the forehead contour in a 
patient with benign metopic ridge. The forehead is normally round without trigonocephaly 
and normal bitemporal width. (C) Three-dimensional computed tomography reconstruction 
of the forehead contour in metopic synostosis. (D) Three- dimensional computed 
tomography reconstruction of the forehead contour in benign metopic ridge.5 
 
Surgical correction for metopic craniosynostosis also requires a frontal reconstruction 
that  addresses  the  superior  and  lateral  periorbital  skeleton  as  well  as  the  forehead.  This 
procedure is preferably done between 8 and 12months of age. Most surgeons choose an open 
approach that allows for complete frontoorbital advancement.5 
 




Figure 26. Frontal bandeau inmetopic craniosynostosis. (A) Top-down view of the 
frontal bandeau ex situ prior to reshaping. (B) Top-down view of the frontal bandeau 





Correction of either unilateral or bilateral lambdoidal synostosis requires bilateral 
occipital and parietal reconstruction. Posterior vault reconstruction is performed between 3 and 






Figure 27. Overview on operative techniques for simple craniosynostosis. Early 
surgery allows for brain growth to passively reshape skull.17 
 
2.6        Complication and Outcomes 
 
 
Acute  complications  following  open  surgical  repair  of  craniosynostosis  include 
bleeding, infection, CSF leak, meningitis, stroke, and even death. Reported postoperative 




3.          Syndromic Craniosynostosis 
 
 
3.1        Incidence 
 
 
The overall incidence of craniosynostosis is estimated at between 1 in 2,100 and 1 in 
 
2,500  live  births,  but  this  varies  greatly  depending  on  the  suture(s)  involved.  The  most 
frequently diagnosed craniosynostosis-associated syndromes include Muenke (1 in 10,000–1 in





30,000), Crouzon (1 in 25,000), Pfeiffer (1 in 100,000), Apert (1 in 100,000), and Saethre - 
Chotzen (1 in 25,000–50,000).1 
 
3.2        Pathogenesis 
 
The genes most frequently involved in CS include those encoding for the different 
fibroblast growth-factor receptors; these mutations lead to defects in signaling and tissue 
interactions, resulting in abnormal suture maturation and cranial malformation, particularly in 





Figure 28. Summary of Craniosynostosis Syndromes16 
 
 
3.3        Classification 
 
a) Apert Syndrome 
 
The clinical features of Apert syndrome include misshapen skull caused by 
coronal suture synostosis, wide-set eyes, mid-face hypoplasia, choanal stenosis, and 
shallow orbits.6 
 
b) Crouzon Syndrome 
 
In Crouzon  syndrome,  clinical  findings  include  brachycephalic 
craniosynostosis,  significant  hypertelorism,  proptosis,  maxillary  hypoplasia,  beaked 
nose and, possibly, cleft palate. Intracranial anomalies include hydrocephalus, Chiari 1 
malformation and hind-brain herniation (70%). Pathology of the ear and cervical spine 
is common.6 
 
c) Pfeiffer Syndrome 
 
Pfeiffer syndrome also occurs in 1 in 100,000 live births, most commonly due 
to FGFR2 mutations, but FGFR1 mutations have been found in 5% of cases, causing a





less severe presentation.61 The coronal, lambdoid and sagittal sutures are all affected, but 
heterogeneity of the syndrome has led to a classification into three clinical types.12 
 
d) Muenke Syndrome 
 
Muenke syndrome was genetically described  in 1997 and  is now the most 
common syndromic presentation with a prevalence of 1 in 10,000– 30,000 live. This 
syndrome results from mutation c.749C>G in the FGFR3 gene, resulting in p.Pro250Arg.1 
 
e) Saethre-Chotzen Syndrome 
 
Saethre-Chotzen is found in 1 in 25,000 to 50,000 newborns and caused by 
mutations in TWIST1. The phenotype is heterogenous and synostosis can be bicoronal, 
























3.4        Diagnostic Criteria 
 
 
The patient is scored across all parameters with a composite Great Ormond Street 
Craniofacial Outcome Score, demonstrating a score utilised as an indication of intervention or a 




Figure 30. Clinical features associated with syndromic craniosynostosis 
 
 
The frequency of CFA and CRANF assessment for syndromic patients was:1 
 
•     From 0–2 years old: CFA 6 monthly 
 
•     From 2–6 years old: CFA yearly and consultant review yearly alternating 6 monthly 
 
•     From 6–10 years old: CRANF yearly 
 
•     At 10 years: CFA and CRANF together 
 
•     At 12 years: CRANF review 
 
•     At 14 years: CRANF transition review (transition clinic to start process) 
 
    At 16 years: CRANF transition review and establishment in adult services 
 
 
Patients with suspected syndromic craniosynostosis, familial craniosynostosis, and 
clinically non-syndromic coronal or multisuture craniosynostosis have lymphocyte DNA 
collected for genetic testing. Screening of the FGFR1 , FGFR2 , FGFR3 , TWIST1 , ERF , 
TCF12 , IL11RA , and EFNB1 genes is carried out using next-generation sequencing (Agilent 
SureSelect and Illumina NextSeq).6 
 
3.5        Management 
 
 
So many techniques are described in craniofacial surgery to achieve the same aim – that 
of normal growth of the brain and skull enabling optimal development. Surgical techniques





continue  with  exponential  innovation  in  a  desire  to  make  procedures  less  invasive  with  a 





Figure 31. The Children‟s Hospital of Philadelphia algorithm for management of 





Figure 32. Surgery for craniosyntosis 
a) Surgery Under 1 Year of Age 
The goals of surgical treatment in the first year of life are toincrease the intracranial 
volume,with the aim of reducing the risk of developing elevated ICP and to improve head 
shape.3





    Posterior Vault Distraction 
 
 
The advantages of distraction osteogenesis have been highlighted by its 
application   in   the   cranial   vault,   midface,   and   mandible   including   the 
maintenance of bone vascularity, production of vascularized bone, limiting 
production of dead space, and gradual expansion of the soft tissue envelope that 
allows for greater advances to be achieved and maintained in the jaws.3 
 
    Spring-Assisted Cranioplasty 
 
 
Spring-assisted cranioplasty (SAC) uses continuous force generated by a spring 
across either an osteotomy or a patent suture to achieve a change in head shape 
and expand the intracranial volume.3 
 
    Frontoorbital Advancement 
 
 
The surgical goals of a frontoorbital advancement (FOA) are to expand 
intracranial volume, reshape the cranial vault, and advance the retruded 






Figure 33. This figure demonstrates distraction osteogenesis of the posterior 
cranial vault. The left images are three-dimensional computed tomography 
and intraoperative views of the osteotomies and distraction device 
placement. The middle images are radiographic and clinical views prior to 
distraction; the right images are the same views at the end of the activation 
phase of distraction osteogenesis.3 






Figure 34. This girl with Apert syndrome underwent spring cranioplasty of her posterior 
scalp. The top image demonstrates the position of the springs on the skull, the middle 
radiograph shows the spring position immediately following placement, and the lower 
radiograph shows the spring position 6 months late. 
 
 
Anterior cranial  vault  remodeling  technique  is dependent on  the preoperative  head 
shape. For severe turricephaly, a total cranial vault reshaping can be performed that allows for a 
significant reduction in the vertical height of the skull. Patients with less severe turricephaly, as 











Figure 35. This three-dimensional computed tomography reconstruction demonstrates 
the frontoorbital bandeau, cut at the posterior level of the osteotomy, bolstered forward 
with bone graft. The graft is marked “G” and the posterior end of the bandeau lies 
immediately anterior to the graft.3 
 
b) Surgery in Midchildhood 
 
 
    Midface advancement 
 
 
The timing of midface correction remains controversial among craniofacial 
surgeons. Some craniofacial centers advocate early surgical correction between 
the ages of 4 and 7 years, whereas others prefer to wait until full skeletal 
maturity is reached unless airway obstruction or severe exorbitism warrant early 
intervention.3 
 
The final occlusion is addressed with the definitive orthognathic procedure once the 
patient reaches skeletal maturity, and occlusion should play little-to-no role in the planning of 
these procedures.3 
 
c) Surgery in Adolescence 
 
 
    Orthognathic Surgery 
 
 
The abnormal patterns of facial growth in children with craniosynostosis syndromes 
often result in significant dentofacial deformities. Class III malocclusion, secondary to 
midface hypoplasia, is the most commonly seen deformity and often develops despite 
appropriate midface surgical treatment.3 
 
    Final Facial Contouring 
 
 
At the completion of facial growth and all major osteotomies, contour 
irregularities  of   the  facial   skeleton  may   still  remain.   Final   contouring 
procedures are often performed at this time.3







Figure 36. These three-dimensional computed tomography reconstructions demonstrate a 
monobloc distraction. The top images are anteroposterior and lateral views preoperatively and 





Figure 37. Options for midface osteotomy in children with syndromic craniosynostosis, 
which include Le Fort III, Le Fort II with zygomatic repositioning, monobloc, and 
monobloc with facial bipartition. The table below the line drawings provides a 
comparative risk-to-benefit assessment of the various options.13 





3.6        Complication 
 
 
Regardless of the type or etiology, among craniofacial anomalies, this group represents 
a significant array of pathologies that may impair different functions of the central nervous 
system (CNS) during development  of  the  children.  These  impairments  imply the  need  for 
multidisciplinary care, with a varied staff of specialists, including plastic surgeons, 
neurosurgeons, geneticists, dentists, neurologists, speech language pathologists, ear, nose and 




Figure 38. Intraoperative Venous air embolism.19 
 
 
Careful attention should be paid to postoperative electrolyte disturbances, particularly 
hyponatraemia. This may be related partly to the use of crystalloid infusions intraoperatively 





Craniosynostosis is a congenital cranial malformation in which one or more cranial 
sutures have fused already in utero. The cranial sutures separate the skull bone plates and enable 
rapid growth of the skull in the first 2 years of life, in which growth is largely dictated by 
growth of the brain. Each suture is composed by a dense fibrous connection that separates the 
individual cranial bones. In syndromic craniosynostosis, other birth defects are present next to 
the craniosynostosis. In syndromic craniosynostosis, usually more than one cranial sutures have 
prematurely  fused,  typically  involving  both  coronal  sutures.  Normal  cranial  development,





clinical manifestations, and pathogenesis of NCSC. During normal human body and head 
development, cranial growth achieves approximately 80% of the adult size at birth and its 
definitive size between 2.5 and 3 years of age. In the fetal or newborn skull, the flat bones are 
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